The purpose of the present study was to assess the prevalence of orthostatic hypotension and its associations with demographic characteristics, cardiovascular risk factors and symptomatology, prevalent cardiovascular disease, and selected clinical measurements in the Cardiovascular Health Study, a multicenter, observational, longitudinal study enrolling 5,201 men and women aged 65 years and older at initial examination. Blood pressure measurements were obtained with the subjects in a supine position and after they had been standing for 3 minutes. The prevalence of asymptomatic orthostatic hypotension, defined as 20 mm Hg or greater decrease in systolic or 10 mm Hg or greater decrease in diastolic blood pressure, was 16.2%. This prevalence increased to 18.2% when the definition also included those in whom the procedure was aborted due to dizziness upon standing. The prevalence was higher at successive ages. Orthostatic hypotension was associated significantly with difficulty walking (odds ratio, 1.23; 95% confidence interval, 1.02, 1.46), frequent falls (odds ratio, 1.52; confidence interval, 1.04, 2.22), and histories of myocardial infarction (odds ratio, 1.24; confidence interval, 1.02,130) and transient ischemic attacks (odds ratio, 1.68; confidence interval, 1.12, 2.51). History of stroke, angina pectoris, and diabetes mellitus were not associated significantly with orthostatic hypotension. In addition, orthostatic hypotension was associated with isolated systolic hypertension (odds ratio, 135; confidence interval, 1.09, 1.68), major electrocardiographic abnormalities (odds ratio, 1.21; confidence interval, 1.03, 1.42), and the presence of carotid artery stenosis based on ultrasonography (odds ratio, 1.67; confidence interval, 1.23, 2.26). Orthostatic hypotension was negatively associated with weight. We conclude that orthostatic hypotension is common in the elderly and increases with advancing age. It is associated with cardiovascular disease, particularly those manifestations measured objectively, such as carotid stenosis. It is associated also with general neurological symptoms, but this link may not be causal. Differences in prevalence of and associations with orthostatic hypotension in the present study compared with others are largely attributed to differences in population characteristics and methodology. 34 OH may also be associated with pathological changes, such as the degree of atherosclerosis, inducing cardiovascular and cerebrovascular disease. Physiological alterations in the elderly, which may exacerbate orthostatic blood pressure (BP) changes, include a loss
O rthostatic hypotension (OH) is believed to be
an important cause of generalized cerebral hypoperfusion leading to dizziness, syncope, and falls, 1 -2 and it may be a cause of focal cerebral hypoperfusion as manifested by transient ischemic attacks. 34 OH may also be associated with pathological changes, such as the degree of atherosclerosis, inducing cardiovascular and cerebrovascular disease. Physiological alterations in the elderly, which may exacerbate orthostatic blood pressure (BP) changes, include a loss free-living, elderly populations and out-patient clinic situations have varied from 4% to 33%, 10 with a possible increasing prevalence with advancing age. 6 - 7 However, such differences in prevalence appear to be due to comorbid conditions in the subjects under study as well as differences in BP technique.
The cross-sectional relations of OH to demographic characteristics, cardiovascular risk factors and symptomatology, prevalent cardiovascular disease, and selected clinical measurements were examined in the Cardiovascular Health Study (CHS). The CHS is a multicenter cohort study that has enrolled 5,201 randomly selected persons aged 65 and older to examine the risk factors for and the natural history of cardiovascular and cerebrovascular disease in the elderly. This study has collected data in a large population of elderly participants on seated and orthostatic BP changes, information on symptomatology and other comorbid conditions (such as diabetes mellitus), medications, and noninvasive measures of carotid atherosclerosis, pulmonary function, and cardiac structure and function.
Methods

The Cardiovascular Health Study
The CHS cohort was selected from Medicare eligibility lists from four geographically distinct sites: Forsyth County, N.C.; Sacramento County, Calif.; Washington County, Md.; and Pittsburgh, Pa. Eligible persons included all community-dwelling, noninstitutionalized persons aged 65 years and older who were able to participate in all examination procedures, who were expected to remain in the defined geographic area for at least 3 years, and who were not receiving therapy for cancer. Persons with prevalent coronary heart disease (CHD) and stroke were not excluded. Details of the study design, rationale, and recruitment of the sample have been published. 11 Age-eligible individuals answered questions on medications, functional status, quality of life, physical activity, other psychosocial factors, nutrition, and medical and personal history. They reported to the CHS clinic after a 12-hour overnight fast for assessment of blood chemistries, BP and heart rate, cognitive function, anthropometry measurements, electrocardiography, echocardiography, ultrasound of the carotid arteries, and other objective measurements. 11 
Blood Pressure Measurements
Supine and standing heart rates and BP measurements were obtained after at least 20 minutes of supine rest. Blood pressure was taken with a mercury sphygmomanometer (Baumanometer, W.A. Baum Co., Copiague, N.Y.) according to a standardized protocol developed for CHS and based on American Heart Association recommendations. 12 The heart rate was determined by palpating the radial pulse for 30 seconds. The systolic BP was defined as the first regular Korotkoff sound heard; the diastolic BP was defined as the last regular sound heard (Phase V). All readings were recorded to the nearest even digit. After a supine BP and heart rate were obtained, the participant was assisted to a seated position (for up to 30 seconds, if necessary) and then to a standing position for a second pulse and BP reading. Two minutes and twenty-five seconds after the participant first stood, the heart rate was counted for 30 seconds. The participant's arm was then elevated over the head for 5 seconds, it was returned to rest on a Mayo stand positioned at heart level, and the standing BP measurement was obtained. Thus, orthostatic measurements included one supine BP and heart rate and one 3-minute standing BP and heart rate measurement. The CHS participant was queried regarding any feelings of dizziness, lightheadedness, or faintness during the standing procedure. If the participant noted any significant symptoms, the procedure was immediately aborted.
Two seated BP measurements were obtained with a Hawskley random-zero sphygmomanometer (Hawksley & Sons, Ltd., Sussex, England) using a protocol adapted from the Systolic Hypertension in the Elderly Program. 13 The BP measurements were taken one minute apart, with 5 minute seated rest period prior to the two BP measurements, and the results were averaged for the final seated systolic and diastolic BP value.
Supine systolic BP was also measured in the right arm and both ankles using an 8 MHz Doppler stethoscope (Park Medical, Aloha, Ore.) and a mercury sphygmomanometer. After at least a 5-minute supine rest, systolic BP was obtained in the arm and in each ankle; a second reading in each extremity was then obtained in reverse order. Results were averaged for the final ankle-brachial systolic BP ratio.
Quality assurance began with centralized training of the supervisors using this standardized protocol. Individual field center technician training was then conducted, including a written test, a videotape demonstrating the methodology, and a series of audiotape tests. Technician training was assessed in a live performance of the BP methodology with simultaneous technician/supervisor BP measurements, which were repeated every other month.
Definition of Clinical Measurements
Asymptomatic OH was defined as a drop in systolic BP of 20 mm Hg or more from the supine to the standing position at 3 minutes, a drop in diastolic BP of 10 mm Hg or more, or both. 6 Symptomatic OH was defined as dizziness, lightheadedness, or faintness, such that the procedure of standing BP measurements was aborted. Orthostatic hypotension otherwise refers to both the asymptomatic and symptomatic categories of OH combined.
Hypertension was defined as the average of two seated BP measurements obtained with a random-zero instrument 160 or greater (systolic) or 95 or greater (diastolic) mm Hg, or a positive response to hypertension on the medical history questionnaire plus current use of antihypertensive medication. Isolated systolic hypertension was defined as systolic BP 160 mm Hg or greater and diastolic BP less than 90 mm Hg on the average of two seated BP measurements.
Participants with diabetes mellitus were defined as those with a positive history of diabetes on medical history questionnaire, those who currently use insulin or oral hypogtycemic medications, or those with a fasting glucose measurement of 140 mg/dl or greater or 200 mg/dl or greater 2 hours after glucose load (75 g).
A history of intermittent claudication was elicited by questionnaire.
14 Subclinical peripheral vascular disease was denned as an ankle/brachial systolic BP ratio of less than 80%. The presence of carotid artery stenosis assessed by ultrasonography was based on artery wall thickness and percent of luminal narrowing by plaque within the cross-sectional areas of both carotid arteries. Angina pectoris was ascertained by self-reported history 14 or use of antianginal medications. Myocaidial infarction (Ml) includes self-report on questionnaire as well as "silent" Ml on electrocardiogram. Criteria for congestive heart failure rely on physician diagnosis, 11 and criteria for stroke and transient ischemic attack (TIA) are similar to those used in the Systolic Hypertension in the Elderly Program. 15 Cognitive function was determined by the Mini-Mental State Examination, 16 and transient neurological symptoms were assessed by questionnaire. 17 Major electrocardiographic (ECG) abnormalities include a major Q/QS wave abnormality, a minor Q/QS wave abnormality accompanied by ST-T wave changes, left ventricular hypertrophy, any isolated ST-T wave abnormality, atrial fibrillation, or first degree atrioventricular block, defined using Minnesota code criteria.
Statistical Analyses
Comparisons of categorical variables were carried out using x 2 tests, and comparisons of continuous variables used two-tailed / tests. 18 Statistics adjusted for age and clinic site were produced using logistic regression analysis. 19 Two multivariate models were then created using stepwise logistic regression; one model included other measures of BP, but the other did not. Variables were included if they had shown indications of a relation with OH in earlier analyses or if there was a biological reason to expect a relation with OH. Variables considered for entry into preliminary multivariate models were clinic site, age, gender, loss of balance, syncope, frequent falls, dizziness upon standing, loss of vision, double vision, numbness, paralysis, vertigo, difficulty walking, use of aspirin, diuretic medications, /J-blocking agents, digitalis, nitrogrycerin, vasodilating drugs, calcium channel blocking agents, estrogen, progestins, or oral hypoglycemics, degree of carotid stenosis, measures of carotid far wall thickness, history of MI, angina pectoris, congestive heart failure, stroke, TIA, diabetes mellitus, major ECG abnormalities, present smoking, education, general health, difficulty with activities of daily living (ADL), height, weight, and measures of waist and hip circumference. In addition, model 2 included seated systolic and diastolic BP, supine brachial and tibial systolic BP, presence of hypertension, and presence of isolated systolic hypertension. Possible interactions between age and gender, degree of carotid artery stenosis, history of Ml, ECG abnormalities, and frequent falls were investigated with logistic regression.
For the logistic regression analysis, continuous variables, such as weight and waist circumference, were divided into tertiles and then included in the models as indicator ("dummy") variables. All odds ratios were adjusted for age and clinic site. No adjustments for multiple comparisons were made.
Results
Overall Prevalence
Complete information on OH status was available for 4,931 participants. Only one protocol deviation was discovered through our quality control activities, and 235 cases affected by this problem were omitted from the analysis. Differences in supine and standing systolic and diastolic BPs are illustrated in Figures 1 and 2 . The average supine BP was 139.0/70.4 mm Hg, and the average standing BP was 134.6/72.0 mm Hg. The average supine 60-second pulse was 66.1 beats per minute, and the average standing pulse was 74.0 beats per minute. Both supine and standing BPs were significantly higher in men than in women; pulse was higher in women, but the average differences were small.
The prevalence of asymptomatic OH as defined by systolic or diastolic BP changes was 16.2% in the total population. A decrease in systolic BP of at least 20 mm Hg contributed the most cases to the overall prevalence of OH ( Table 1 ). The overall prevalence of OH increased to 18.2% when symptomatic OH (defined as "dizziness" or "lightheadedness" upon questioning such that the procedure was aborted) was included. 
Associations with Demographic Characteristics, Risk Factors, and General Health Status
Participants with OH averaged 73.6 years old; those without OH averaged 72.6 years old (/^O.OOl). OH increased with advancing age (Table 2 ). There were no overall differences in OH by gender (Table 3) , although women were more likely to have symptomatic OH and men were more likely to have OH defined by a change in diastolic BP. The prevalence of OH was similar in whites and nonwhites (Table 3 ), but our sample was 95% white, so the power to detect such a difference is small. Racial groups were combined for subsequent analyses. The prevalence of OH varied widely among clinics, from 9.7% to 26.1% (/?<0.01).
After adjustment for age and clinic, the prevalence of OH decreased with advancing educational level (p<0.05; Table 3 ). The presence of OH was also related to self-perceived health status, with a poorer selfperception of health associated with a higher prevalence of OH (/7<0.01). There were no significant associations between measurements of either ADL or instrumental activities of daily Irving (housework, shopping, meal preparation) and OH. OH was not related significantly to either current or former smoking, compared with never smoking. Participants with OH weighed significantly less than those without OH (70.5 versus 72.5 kg; p<0.01) and had significantly smaller waists (92.8 versus 94.1 cm; p<0.01). The groups were similar in height.
Associations With Neurological Symptoms and Dementia Screening
After adjustment for age and clinic, participants with OH were more likely to report that during the last year they had experienced difficulty walking, frequent falls, and vertigo (all p<.0.05; Table 4 ). The presence of OH was not related significantly to other self-reported neurological symptoms, including both nonspecific dizziness and dizziness when standing up quickly, symptoms of syncope, and symptoms suggestive of TLA (all p>0.05). The Mini-Mental State Examination score was related statistically to the presence of OH (p=0.04), but the mean score for those participants with OH was 28.2 and the mean score for those without OH was 28.3, a difference of only 0.1 point on the test.
Associations With Comorbid Conditions and Medications
Participants with OH were more likely to have a history of MI (22.1% versus 17.5%;p<0.05) or a history of TLA (27.8% versus 17.9%;p<0.01) ( Table 5 ). There was no significant association between OH and a history of hypertension, angina pectoris, congestive heart failure, intermittent claudication, stroke, or diabetes mellitus (all p>0.05).
OH was weakly related to the use of ^-blocking and vasodilating agents (p<0.05), but there were no relations between OH and use of diuretic medications, angiotensin converting enzyme inhibitors, or calcium channel blocking or a-blocking agents. Similarly, although diabetes mellitus per se was not related significantly to OH, the use of oral hypoglycemic agents (but not insulin) was associated with OH (/?<0.01). Other medications that showed no significant association with OH included nitrates, digitalis, aspirin, lipid-lowering agents, estrogens, and antidepressants. There were only 121 participants who reported using tricyclic antidepressants; none of the participants included in these analyses were receiving monoamine oxidase inhibitors.
Associations With Clinical Measurements
OH was significantly associated with other measured BPs and with the presence of isolated systolic hypertension (23.1% versus 17.5%; /?<0.01), but not with subclinical peripheral vascular disease ( Table 6 ). The prevalence of OH increased with increasing carotid atherosclerosis as visualized on ultrasound examination, as measured both by the percent of carotid artery stenosis (/?<0.01) and by average common carotid far wall thickness (participants with OH, 0.89 mm versus without OH, 0.86 mm; p<0.01). The presence of all major ECG abnormalities was associated with OH, but the only subcategory associated with OH was minor ECG abnormalities consisting of Q/QS with ST-T wave changes (/?<0.01). Other subcategories of ECG abnormalities, including ventricular conduction defects, first degree heart block, left ventricular hypertrophy, atrial fibrillation, or other minor ECG abnormalities, were not associated with OH.
There appeared to be a trend of increasing prevalence of OH as the time of day progressed in the clinic, from 7 AM until 3 PM, with the odds ratio (OR) for time trend equaling 2.85 (95% confidence interval [CI], 0.9, 9.7). Of note, the participants reported to the CHS clinic in the fasting state, they were fed a snack, and received 75 g oral glucose for the glucose tolerance test.
Multivariate Analyses
Several preliminary models were fit, and variables that showed no relation in any of the models and that had not shown univariate relations with OH were excluded from the final models. Two final models were fit; one included other measures of BP and one did not. The results of the two models are given in Table 7 .
Clinic site was the most important predictor of OH in both models. In model 2, other measures of BP were also important predictors of OH. Percentage of carotid stenosis entered both models, with a higher percentage of stenosis indicating a higher probability of OH. For measures of body size, weight was the significant variable for model 1 and waist was the significant variable for model 2. In both cases, a lower value was associated with a higher probability of OH. Poorer self-perceived general health, a history of TIA, and vertigo were also significant predictors of OH in both models. Age and the use of oral hypogrycemic medications were positively associated with OH in model 1 but not in model 2.
Discussion
The prevalence of OH in this community-dwelling elderly population enrolled in CHS was relatively high: 16.2% for asymptomatic OH (defined by BP reduction) and 18.2% when symptomatic OH was included. Other surveys show a wide variation in prevalence from 4% to 33%. 10 However, several methodological factors influence both the estimated prevalence of OH and the measured changes of BP in response to postural challenges, including number of baseline BP measurements, starting position (supine versus seated), arm support during standing, timing of BP measurement after standing, and fasting versus nonfasting state. Using a single baseline supine BP measurement rather than multiple supine measurements may increase the prevalence of OH. For example, when 300 elderly subjects had three supine BP readings taken 2 minutes apart before a 1-minute standing BP, there was a significant drop between the first and second supine readings, but no significant drop between the second and third supine readings. 20 When the first supine BP was compared with the standing BP, the prevalence of OH was higher than when the mean of the second and third readings was used (16% versus 10.6%; p<0.001). The high prevalence of asymptomatic OH in CHS (16.2%) may be influenced by the use of only a single supine BP measurement, but this was done generally after 20 minutes of supine rest.
Supine-to-standing BP measurements provoke greater reductions in BP and increase the prevalence of OH compared with seated-to-standing postural changes. 21 Thus, a protocol such as in CHS that uses a supine-tostanding position rather than a seated-to-standing position may estimate a higher prevalence of OH. In CHS, in addition, standing BP was obtained with the participant's arm passively supported on a Mayo stand approximately at heart level. In a previous study comparing arm support versus no arm support (i.e., BP obtained with the arm at the patient's side), a fall in systolic BP of 20 mm Hg or greater when arising from the supine to the upright position was found in 18.2% of cases when the arm was supported at heart level; a similar fall in systolic BP was seen in only 6% of cases when no arm support was offered. 22 Although Mader et al 23 concluded that the overall prevalence of OH (defined in his study as systolic BP decrease of 20 mm Hg or greater) in communitydwelling seniors was only 10.7%, upright BP measurements in that survey were taken after the subject was in the standing position for 1 minute with the arm unsupported.
As mentioned above, timing of the upright BP measurement after standing also is an important methodological factor. Classically, 1 or 3 minutes is used. 10 In one study comparing postural responses every 5 seconds in young and old participants preprandially and postprandialry, BP reduction was maximal at 30 seconds after assuming the upright posture. 24 By obtaining the upright BP measurement 3 minutes after standing in the CHS clinics, we may actually have underestimated the prevalence of OH in this free-Irving elderly population. It is unknown, however, which is the more important pathophysiologically: an initial exacerbated but brief reduction in BP or a less dramatic but sustained decrease in BP. Heart rate appears to increase less in the elderly compared with the young upon standing. Indeed, our finding that only 315 of the total 4,931 participants (6.4%) experienced a significant pulse increase upon standing (20 or more beats per minute) adds further evidence that with aging, there is attenuation of compensatory nervous system mechanisms, which causes the initial heart rate increase with standing.
Differences in timing of food intake with postural challenge may account for some variability in OH in the CHS cohort. Blood pressure reduction with postural challenge is maximal postprandially in the elderly, 5 -24 presumably because of reduced baroreceptor responsiveness to splanchnic blood pooling after meals. 1 Our participants reported to the clinic sites in the fasting state. However, clinical field centers differed in the timing of postural BP measurements during the examination, and many participants underwent the postural BP measurements after the snack or glucose tolerance test. We found a trend of increasing prevalence of OH as the time of day progressed in the clinic, as a greater proportion of the participants ingested food or glucose. This is consistent with the findings of other studies regarding the importance of food in influencing postural changes in BP. Since ambulatory BP monitoring demonstrates a circadian pattern, with the highest levels recorded in the late morning and a progressive fall throughout the day, 25 the increasing temporal prevalence of OH in CHS is probably unrelated to the typical diurnal variation in BP. We suggest that future studies standardize BP measurements with respect to food intake and, as far as possible, time of day.
The prevalence of a decrease in systolic BP of 20 mm Hg or greater from a supine to a sitting position increased with advancing age in the 4,508 participants aged 55-74 years in the National Health and Nutrition Examination Survey II (NHANES II). In NHANES II the prevalence was 11.8% in those aged 55-59 years, but it increased to 17.2% in those aged 70-74 years. 8 We also found an increasing prevalence of OH with increasing age in CHS in bivariate analyses, but age was not as important a predictor of OH in multivariate analyses, and it only entered one model. However, age and the other measured variables are highly collinear. Thus, the increased risk of OH may not be a normal aspect of aging in our sample but appears associated with age because older people have a higher prevalence of the conditions that are related to OH, such as increased carotid stenosis.
When analyses examine the relation between a baseline BP and the change in BP, there is a predictable correlation between a baseline reading and a change from that reading, regardless of the physiology, because of regression to the mean. 26 In CHS we found a significant association of OH with isolated systolic hypertension. However, this is not explained by true regression to the mean since we do not perform any analyses that relate the change in BP to the supine value. Although several measures of BP are highly correlated, 27 the random errors contained in each are independent, and therefore any relation between OH and isolated systolic hypertension (as determined by seated BP measured about 3 hours before postural BPs) is not induced by regression to the mean effects.
In the CHS cohort OH is related to prevalent TIA (OR, 1.68; 95% CI, 1.12, 2.51; p=0.01) but not to prevalent stroke. This apparent discrepancy could be explained by chance alone or perhaps because OHassociated TIAs may infrequently progress to stroke or OH-associated strokes may have a higher case-fatality rate and thus are disproportionately absent from the prevalence pool (i.e., the result of a survival effect). In The following variables were eligible for entry into the models but did not enter: gender, education, present smoking, height, body mass index, history of diabetes, history of myocardial infarction, maximum common carotid far wall mean thickness, any electrocardiographic abnormality, minor Q-QS waves with major ST abnormalities, seated systolic blood pressure, isolated systolic hypertension, /3-blocker use, vasodilator use, estrogen use, progestin use, difficulty walking, loss of balance, numbness or tingling, frequent falls. OR, odds ratio; CI, confidence interval; TIA, transient ischemic attack.
•Variable was included in model 2 only. tFrom an independently measured supine ankle-arm blood pressure measurement a series of 132 patients admitted for evaluation of TTAs and observed with serial BP measurements, 20% had documented hypotensive episodes (decrease in mean BP of 20 mm Hg or greater within 4 hours), associated with either antihypertensive therapy, cerebral arteriography, or postural changes. 4 In another series of 80 consecutive patients seen within 2 weeks of a TIA, 16% were found to have OH, and in 9% an OH-concurrent TIA was observed. 3 These clinical studies do not suggest a higher rate of OH among TIA patients than is found in the CHS cohort overall. These clinical reports 3 -4 do suggest that an OH-concurrent TIA may be a marker for significant large vessel occlusive disease.
The relation of OH to neurological symptoms (Table  4) reported by the participant is striking. OH was not related appreciably either to the more focal symptoms of anterior circulation or posterior circulation ischemia (speech, vision, blurring, double vision, numbness, weakness) or to symptoms that would commonly be expected to reflect generalized hypoperfusion (dizziness, dizziness on standing, blackouts). Instead, OH is most strongly related to frequent falls and other general neurological symptoms, including difficulty walking and vertigo (Table 4) . Other epidemiological data support this association. In one randomized controlled trial of nursing home residents who had experienced a fall, OH was most likely the primary cause in 15.6% and a possible contributing cause in another 26% of the intervention group. 28 One could speculate that OHinduced borderzone ischemia between the anterior and middle cerebral artery, perhaps in association with anterior circulation large vessel disease, 29 -30 may be an important contributor to falls.
It has been suggested that recurrent hypotension in the elderly and associated hypoperfusion of the periventricular white matter may be one mechanism of vascular dementia.
31
- 32 In a study of 1,643 cranial computed tomography scans, 33 11 showed diffuse confluent white matter lucencies; of these abnormal scans, 10 patients had evidence for disordered BP regulation and at least four for dementia. The CHS results do not suggest an appreciable gradient in cognitive function as tested by a baseline Mini-Mental State Examination between those with and without OH. In the Framingham Study there was no relation between either systolic or diastolic BP levels and results of neuropsychological testing in 2,032 participants aged 55-89 years. 34 - 33 In contrast to our CHS data, in Framingham those participants with prevalent stroke were excluded from analysis while controlling for age, sex, education, antihypertensive medication, alcohol consumption, and smoking. 34 Further analyses taking into account age and education will be needed in CHS. Longitudinal data on change in cognitive function will be particularly valuable on this point.
In CHS there is a significant relation between OH and prevalent Ml. The Hypertension Detection and Follow-up Program (HDFP), however, found such an association only in diabetic hypertensive participants. 7 In the HDFP, postural measurements were taken in the seated and standing positions, with the arm unsupported while standing, thereby probably underestimating the prevalence of OH. In the Normative Aging Study, a rise in diastolic BP upon standing was associated with an increased risk of subsequent MI. 36 We found no significant association between diabetes mellitus and OH. Reaven and colleagues 37 also found no relation between OH and glucose tolerance in 2,233 free-living participants aged 50-89 years in Rancho Bernardo, Calif. 37 This latter study also used the HDFP protocol for measuring BP. Despite the fact that diabetes is associated with sympathetic dysfunction, 38 the lack of association between diabetes and OH suggests that most elderly persons with diabetes do not have OH. Admittedly, the duration of diabetes is associated with the development of neuropathy, and we did not collect data on the duration of known diabetes mellitus in CHS.
The association between OH and the presence of major ECG abnormalities, especially minor Q/QS wave abnormalities with ST-T wave changes, is significant. OH, however, is not associated with atrial fibrillation in CHS. The loss of the "atrial kick" seen in atrial fibrillation predisposes to OH because of a subsequent decrease in diastolic filling pressure, thereby reducing cardiac output. 39 However, in CHS only 164 participants (3.2%) had atrial fibrillation on ECG examination, so the power to detect a difference is small.
Two final multivariate models were investigated in detail (Table 7) . Clinic site was the most important predictor of OH in both models. The wide variation in the prevalence of OH among clinics may be due to several factors, including possible geographic differences in use of various antihypertensive medications or intrinsic population differences. However, this wide variation also could reflect a technician effect, since the low prevalence of OH at one particular site was due to a 3.5% prevalence of OH measured by one technician, who obtained half the OH data at that clime. In this instance a low prevalence of OH among participants measured by this technician may have been due to either a deviation in following protocol or a true low prevalence of OH in this group. There were no systematic differences among clinics in time of day when OH was assessed. On the other hand, one would expect a large variability in the proportion of OH because 1) BP is intrinsically a highly variable measurement, 2) since OH is based on the difference between two BPs, the variance of OH is approximately twice as large as that of a single BP measurement, and 3) OH by definition is found at the extremes of the range of differences, and variability at the extremes of a range is always greater than the variability at the midrange of values.
Other important predictors of OH in the multivariate models besides clinic site and age (model 1) included measurement of body size (weight in model 1 and waist in model 2), and percentage of carotid artery stenosis (both models). Vertigo, self-perceived health status, and history of TLA were significant predictors of OH in both models; the use of oral hypoglycemic medications was positively associated with OH only in model 1.
Orthostatic hypotension is common in the elderly. The overall prevalence of OH in the CHS cohort was 18.2% and it was higher at successive ages. Orthostatic hypotension was associated with general neurological symptoms, particularly frequent falls and difficulty walking, as well as with the prevalent comorbid conditions of MI and TLA, but it was not associated significantly with angina pectoris, congestive heart failure, stroke, or diabetes mellitus. Major ECG abnormalities, the presence of carotid stenosis, and isolated systolic hypertension were all significantly associated with OH. The relatively stronger associations between subclinical as opposed to manifest diseases (angina pectoris, congestive heart failure, stroke, or diabetes mellitus) may be due to poorer survival of individuals with both OH and these diseases, but it could also be due to misclassification of disease at baseline. The subclinical abnormalities may be "markers" for underlying pathophysiological changes. A future objective of the CHS is to determine whether postural BP changes are predictors of future cardiovascular or cerebrovascular events, independent of known risk factors.
